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COOLING LOOP, IN PARTICULAR FOR A
MOTOR VEHICLE, AND SENSOR FITTED
ON BOARD THE LOOP

TECHNICAL FIELD

The mnvention pertains to a cooling loop, 1n particular for
a motor vehicle, and to a sensor embedded on said loop.

BACKGROUND OF THE INVENTION

A cooling loop uses a cooling liquid which exchanges
heat with a fluid to be cooled. The cooling liquid 1s generally
formed of a mixture comprising a solvent, a solute, and
anti-corrosion additives 1 well-defined nominal propor-
tions. However, these proportions can vary over time, lead-
ing to a loss of antifreeze properties and overheating of the
cooling liquid, or widespread corrosion of the cooling loop.
Furthermore, the mixture forming the cooling liquid can be
the site of dissolution of metal species or the site of
oxidation and/or formation of subspecies. These phenomena
have serious consequences for the cooling loop, and even for
the vehicle as a whole.

To overcome thus, 1t 1s known to take appropriate correc-
tive actions. These corrective actions 1involve, as the case can
be, adding anti-corrosion additives or draining the cooling
loop on a regular basis, but without prior checking.

More rarely, 1t has been proposed for the quality of the
cooling liquid to be checked ex situ by taking a sample of
said cooling liquid from the cooling loop of the vehicle. The
disadvantage of this type of check is that it can only be
carried out when the vehicle 1s stationary, in a garage or
dealership, which effectively rules out the possibility of
detecting any deterioration in the cooling liquid between two
inspection visits.

This limitation of the current system for checking the
cooling liqud calls for the development of a monitoring
solution that 1s operational without any major constraints for
the user, and in particular without the need to go to a
specialist or to take a sample.

SUMMARY OF THE INVENTION

The mvention aims to at least partially alleviate the above
problems and to this end proposes, according to a first
aspect, a cooling loop, 1n particular for a motor vehicle, said
loop being configured to allow a heat exchange between a
cooling liquid and a liquid to be cooled. According to the
invention, the cooling loop comprises an embedded sensor
which 1s positioned at least partially in contact with the
cooling liquid, said sensor being configured to provide at
least one datum relating to at least one physical and/or
chemical property of said cooling liquid.

With a sensor embedded 1n the cooling loop, the mnvention
thus makes it easier to check the cooling liquid by elimi-
nating the need for the user to immobilize the vehicle and
take test samples ex situ.

The mvention can also comprise any one of the following
features, taken individually or 1 any technically possible
combinations forming as many embodiments of the mnven-
tion:
the cooling loop comprises a miCroprocessor;
the microprocessor 1s configured to use said datum or

data;
the physical and/or chemical property provided by the
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clectrical conductivity, hydrogen potential, and/or vis-
cosity of the cooling liquid and/or the sound velocity
through said liquid;
said cooling loop 1s configured to provide a measurement
of a solute concentration of the cooling liquid from said
datum or data;
saild measurement 1s obtained by taking account of a
datum relating to the electrical conductivity and a
datum relating to the viscosity of the cooling liquid;
the cooling loop comprises a heat exchanger selected
from a radiator, a condenser, a charge air cooler, a
recirculated exhaust gas cooler or a battery cooler;
the sensor 1s positioned 1n a cooling liquid circuit of said
exchanger;
the cooling loop comprises one or more cooling liquid
circulation lines:
the sensor 1s positioned on the line or on one of said lines;
the cooling loop comprises at least one component
selected from an expansion vessel, a pump for circu-
lating the cooling liquid, a valve for controlling the
circulation of the cooling liqud, a connection flange
and/or a cooling circuit for a cylinder head and/or for
an engine block;
the sensor 1s located at said component or components.
According to a second aspect, the invention pertains to a
heat exchanger for a cooling loop with the features described
above. Advantageously, the heat exchanger comprises any
one of the following features, taken individually or in any
technically possible combinations forming as many embodi-
ments of the ivention:
the heat exchanger comprises a header tank for circulating
the cooling liquid;
said header tank comprises said sensor;
the header tank comprises an opening configured to
selectively receive the sensor or a closure cap;
the heat exchanger comprises a removable flange config-
ured to be connected to the header tank and to allow a
connection of a tube for the passage of the cooling
liquid between said tube and the header tank through
said flange;
the sensor 1s positioned on the flange
According to a third aspect, the invention pertains to a
sensor for a cooling loop with the features listed above. In
particular, the sensor comprises a probe configured to be
brought into contact at least partially with the cooling liquid,
said liquid being in flow or at rest
According to a fourth aspect, the invention pertains to a
component for a motor vehicle, said component comprising
a sensor as previously defined. Advantageously, said com-
ponent 1s selected from a heat exchanger, a pump ifor
circulating a cooling liquid, a valve for controlling the
circulation of a cooling liquid, a connection tlange, a cyl-
inder head of an engine and/or an engine block.
According to a fifth aspect, the mvention pertains to a
method for checking a cooling liquid of a cooling loop as
described above, said method comprising a step ol measur-
ing a physical and/or chemical property datum of said liquid
using said sensor. Preferably, said measurement takes place
between two journeys made by a motor vehicle.

BRIEF DESCRIPTION OF DRAWINGS

The invention will be better understood and further
details, features and advantages of the invention will
become apparent from reading the following description
given by way of non-limiting example and with reference to
the appended drawings, 1n which:
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FIG. 1a shows an example of a cooling loop according to
the invention;

FIG. 1b shows a second example of a cooling loop
according to the mvention;

FIG. 1¢ shows a third example of a cooling loop accord-
ing to the mvention;

FIG. 1d shows a fourth example of a cooling loop
according to the mvention;

FIG. 2 shows curves showing the evolution of refractive
index, sound velocity, and density as a function of the solute
mass concentration in a water/methanol mixture;

FIG. 3 shows the evolution of refractive index as a
function of the solute mass concentration in a water/ethylene
glycol mixture;

FIG. 4 shows the evolution of viscosity as a function of
the solute mass concentration in a water/ethylene glycol
mixture:

FIG. 5 shows the evolution of electrical conductivity as a
function of the solute mass concentration 1n a water/ethylene
glycol mixture;

FIG. 6a shows an 1sometric view ol a cooling radiator
according to a first embodiment of the mvention i a tull
VIEW;

FIG. 656 shows an 1sometric view of a cooling radiator
according to a first embodiment of the invention 1n a detail
View;

FIG. 7a shows an 1sometric view of the cooling radiator
in FIG. 6a differently equipped 1n a full view;

FIG. 7b shows an 1sometric view of the cooling radiator
in FIG. 6a differently equipped 1n a and detail view;

FIG. 8a shows a partial view of a cooling radiator
according to a second embodiment of the invention in an
exploded view;

FIG. 80 shows a partial view of a cooling radiator
according to a second embodiment of the invention in an
assembled view;

FIG. 9 shows an 1sometric view of a condenser according,
to the invention;

FIG. 10 shows an isometric view ol a charge air cooler
according to the mvention;

FIG. 11a shows an 1sometric view of a battery cooler
according to the mvention 1n a full view; and

FIG. 1156 shows an 1sometric view of a battery cooler
according to the mvention 1n a detail view.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

With reference to FIGS. 1a, 15, 1¢ and 1d, the invention

pertains to a cooling loop 100, 200, 300, 400, 1n particular
for a motor vehicle. Said loop 1s configured to allow a heat
exchange between a cooling liquid and one or more fluids to
be cooled.

In particular, the cooling liquid 1s formed of a mixture
comprising a solvent, e.g. water; a solute, e.g. ethylene
glycol or methanol; and/or anti-corrosion additives. These
various constituents are present in the cooling liquid in
nominal mass fractions that ensure the performance of said
cooling liquid.

For a cooling liquid comprising a water/ethylene glycol
mixture or a water/methanol mixture, the solute nominal
mass fraction i1s of the order of 40 to 50%. A variation 1n this
mass Iraction over time leads to a loss of antifreeze prop-
erties and overheating of the cooling liquid, and also wide-
spread corrosion of the cooling loop.

To prevent these faults, the mvention proposes checking
the quality of the cooling liquid. Corrective actions can then
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4

be taken 11 necessary, depending on the nature of the damage
revealed by checking operation. The quality of the cooling
liquid 1s checked by monitoring the evolution of a certain
number of physical and/or chemical properties of said
liquid, which are advantageously representative of variation
in the mass fractions of the constituents of said liqud. In this
way, said variation can be checked.

According to the mnvention, the cooling loop comprises at
least one embedded sensor 10 which 1s positioned at least
partially in contact with the cooling liqud.

In particular, the sensor 10 1s configured to provide at least
one datum relating to at least one physical and/or chemical
property of said cooling liquid. In addition, the sensor 10
comprises a probe 11 configured to be bathed by the cooling
liquid 1n tlow and/or at rest. Said probe 11 advantageously
has reduced dimensions and can be of the flow-through or
lab-on-chip type. It should be noted that lab-on-chip probes
are more compact and more accurate than flow-through
probes.

The physical and/or chemical properties targeted by the
sensor 10 include the refractive index, density, electrical
conductivity, hydrogen potential and/or viscosity of the
cooling liquid and/or the sound, 1n particular ultrasound,
propagation velocity through said liquid.

In particular, the measurement of the hydrogen potential
of the cooling liquid provides mformation on the overall
quality of said liquid and gives an indication of the concen-
tration of anti-corrosion additives. Thus, a hydrogen poten-
tial of between 9 and 10 indicates a good quality of the
cooling liquid. On the other hand, a hydrogen potential of
less than 8 indicates that a significant fraction of the corro-
s10n 1nhibitors has been consumed and 1t 1s necessary to add
more to the cooling liquid. Furthermore, 1f the hydrogen
potential falls below 7, this indicates severe oxidation of the
cooling liquid. In this case, it 1s recommended to replace it,
after first draining and flushing the cooling loop.

With regard to the refractive imndex, electrical conductiv-
ity, viscosity, density, and sound velocity, theirr measurement
in relation to the cooling liquid makes 1t possible to deter-
mine the solute mass concentration of said cooling liquid.

FI1G. 2 shows the evolution of refractive index, sound
velocity, and density as a function of the solute mass
concentration for a cooling liqmd comprising a mixture of
water as solvent and methanol as solute. Here, refractive
index and density follow a linear evolution with respect to
the solute mass fraction, an evolution that 1s not very distinct
for the refractive index. Furthermore, sound velocity exhib-
its a distinct evolution as a function of the solute mass
concentration, with a maximum around a solute mass frac-
tion of approximately 30%. In the vicinity of this maximum,
there are two solute mass concentration values for the same
sound velocity value.

In order to distinguish between these two values of solute
mass concentration, 1t 1s necessary to use a curve showing
the evolution of another physical and/or chemical property
as a function of the solute mass fraction.

FIGS. 3, 4 and 5 respectively show the evolution of
refractive 1ndex, viscosity, and electrical conductivity in
relation to the solute mass fraction for a cooling liquid
comprising a mixture of water as solvent and ethylene glycol
as solute.

With reference to FIG. 3, the evolution of refractive index
as a function of the solute mass concentration 1s linear and
remains very limited over the entire range of variation in the
mass concentration.

With reference to FIG. 4, the evolution of viscosity as a
function of the solute mass concentration follows a power
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law, with a slight increase over a lower range of solute mass
concentrations, and a significant increase over a higher range
ol solute mass concentrations. It should be noted that the
lower the temperature of the mixture, the greater the increase
in viscosity over the upper range of solute mass concentra-
tions.

Refractive index and viscosity, which change very little
over certain ranges of variation in the solute mass concen-
tration, require a very high level of accuracy on the sensor
probe 1f they are to be used 1n the context of the invention
as physical and/or chemical properties of interest.

On the other hand, such a level of accuracy 1s not required
for a sensor targeting electrical conductivity as physical
property of interest. Indeed, as illustrated in FIG. 5, the
evolution of electrical conductivity as a function of the
solute mass concentration 1s distinct over the entire range of
variation in said mass concentration. However, there 1s a first
peak around a solute mass fraction of approximately 15%
and a second peak around a solute mass fraction of approxi-
mately 90%. In the vicinity of each of these peaks, two
values of solute mass concentration coexist for the same
value of electrical conductivity.

In order to distinguish between these two values of solute
mass concentration, 1t 1s necessary to use a curve showing
the evolution of another physical and/or chemical property
as a function of the solute mass fraction.

Advantageously, according to the invention, the value of
the solute mass fraction 1s determined by taking account of
the curves showing the evolution of electrical conductivity
and viscosity as a function of the solute mass fraction. The
combined use of these two quantities gives a reliable mass
fraction result over a wide range of values.

It should be noted that the electrical conductivity of the
cooling liquid 1s preferably measured using a sensor
equipped with a flow-through probe. The density and refrac-
tive index of the cooling liqud, and also the velocity at
which ultrasound propagates through said cooling liquid, are
preferably measured using a sensor equipped with a lab-on-
chip probe.

A microprocessor interacting with the sensor calculates a
value for the solute mass fraction of the cooling liquid on the
basis of a physical and/or chemical property datum of said
liquid. In particular, the microprocessor proceeds by mnver-
s1on of a system of linear equations correlating the physical
and/or chemical property or properties of the cooling liquid,
provided by the sensor or sensors, with the solute mass
fraction of said cooling liquid.

Advantageously, the microprocessor 1s embedded 1n the
cooling loop and connected to the sensor by means of a
connection cable or by any data transmission means.

With reference again to FIGS. 1a, 1b, 1c and 1d, the
cooling loop 100, 200, 300, 400 comprises at least one heat
exchanger 9 1n which heat energy is transferred between the
cooling liquid and the fluid to be cooled. Said exchanger 9
1s selected from a cooling radiator 9F (FIGS. 1a to 1d), a
recirculated exhaust gas cooler 9A (FIGS. 1a, 1¢), a heating
radiator 9B (FIG. 1b), a water condenser 9C (FIG 1c), a
battery cooler 9D (FIG. 1d) or a water charge air cooler 9E
(FIGS. 1a and 1c¢). Furthermore, the cooling loop 100, 200,
300, 400 can comprise at least one component 4 and at least
one fluidic connection line.

In a cooling loop 100, 200, 300, 400 as described above,
the sensor 10 according to the invention can be positioned
either on any of the heat exchangers 9, or on the or one of
the components 4, or on the or one of the lines. In particular,
in a position embedded on one of the heat exchangers, the
sensor 10 1s preferably located downstream 3 of said

10

15

20

25

30

35

40

45

50

55

60

65

6

exchanger. However, a position upstream 2 of said
exchanger remains possible. Said loop 100, 200, 300, 400
can also be equipped with sensors positioned at several
points on said loop.

More specifically, FIG. 1a shows a cooling loop 100
comprising a cooling radiator 9F, a recirculated gas cooler
9A and a charge air cooler 9E. Said loop 100 also comprises
a valve 4A for controlling a circulation of the cooling liquid
between the exchangers 9A, 9E, 9F. In this cooling loop 100,
the sensor 10 1s preferably mounted at the ilet 2 or outlet
3 of the recirculated gas cooler 9A. However, the sensor 10
can be mounted on the cooling radiator 9F or on the charge
air cooler 9E. Moreover, the sensor 10 can be mounted on
the control valve 4A, on the line or lines connecting the
exchangers 9A, 9E, 9F together, or on the line or lines
connecting said exchangers to the control valve 4A.

FIG. 15 shows a cooling loop 200 comprising a cooling
radiator 9F and a heating radiator 9B, each of which
communicates with an engine cylinder head and/or an
engine block (not shown) by means of lines located
upstream 5 and downstream 1. The cooling loop 200 also
comprises a cooling liquid drive pump 4B and an expansion
vessel 4C, said drive pump being positioned between the
heating radiator 9B and the cooling radiator 9F. As in the
previous loop example, the sensor 10 can be positioned in
any of the components 4A, 4C and/or any of the radiators 9F,
9B forming the cooling loop 200. Here, the sensor 10 1is
preferably mounted at the outlet 3 of the cooling radiator 9F.

FIG. 1¢ shows a cooling loop 300 comprising a cooling
radiator 9F, a water charge cooler 9E, a recirculated gas
cooler 9A and a water condenser 9C. Each of said exchang-
ers 9A, 9C, 9E, 9F can be equipped with a sensor 10. Here,
the sensor 10 1s preferably mounted at the ilet 2 or outlet
3 of the recirculated gas cooler 9A.

FIG. 1d shows a cooling loop 400 comprising a cooling
radiator 9F and a battery cooler 9D, each of which can be
equipped with a sensor 10. Here, the sensor 10 1s preferably
mounted at the mlet 2 or outlet 3 of the battery cooler 9D.

FIGS. 6a and 65 1illustrates a cooling radiator 20 of the
cooling loop 200 described above. The radiator 20 com-
prises a heat exchange bundle and, on either side of said
bundle, a header tank 21 for circulating the cooling liquid.
Here, one of said header tanks 21 has a lateral opening
configured to receive the sensor 10.

To do this, the sensor 10 comprises a threaded neck 12
which cooperates with a tapped hole in the lateral opening
of said header tank 21, and a head 13 intended to close off
said lateral opening. In particular, said neck 12 carries the
probe 11 which 1s brought into contact with the cooling
liquid by being connected to the microprocessor by means of
a connection cable 14. Said cable passes through said head
13 of the sensor 10. Advantageously, the threaded neck 12
and the head 13 of the sensor 10 form a single body.

The sensor 10 thus formed can be easily associated with
a header tank 21 of an existing cooling radiator, provided
that said header tank has an opening with a geometry
complementary to that of said sensor. Such a sensor thus
performs the function of closing the header tank 21.

However, if the presence of the sensor in the header tank
21 of the cooling radiator 20 1s not required, a cap 10" with
no function other than closing can be used to close the lateral
opening of said header tank 21. Such a cap 10' 1s shown 1n
FIGS. 7a and 7b.

FIGS. 8a and 85 illustrates another embodiment of the
cooling radiator 20. Here, the header tank 21 has a connec-
tion tube 22 designed to receive, for the purposes of a fluidic
connection, a hose of the loop 200. A connection flange 30
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1s reversibly inserted between the connection tube 22 of the
header tank 21 and the hose. According to the embodiment
shown, said tlange comprises a male part 31 which engages
in the hose and a female part 32 which receives the con-
nection tube 22.

The connection tflange 30 carries the sensor 10 for mea-
suring physical and/or chemical properties of the cooling
liquid. In particular, the sensor 10 1s mounted perpendicular
to a longitudinal axis of the flange 30 through a transverse
opening 1n said tlange.

The sensor 10 thus mounted on the removable connection
flange 30 can easily be associated with one of the header
tanks 21 of an existing radiator 20 and thus incorporate a
cooling loop.

The principle of a sensor mounted on a removable con-
nection flange can be deployed on different types of heat

exchangers, 1n particular on a water condenser 40 (FIG. 9)
or a water charge air cooler 50 (FIG. 10) or a battery cooler
60 (FIGS. 11a and 115). The assembly formed by said flange
and said sensor can be mounted on a connection tube
associated with an 1nlet and/or an outlet of a cooling circuit
running through said exchangers.

10

15

20

8

What 1s claimed 1s:

1. A heat exchanger comprising a sensor for embedding in
a cooling loop for a motor vehicle, the cooling loop being
configured to allow a heat exchange between a cooling
liquid and a liquid to be cooled, the sensor being configured
to be positioned at least partially 1n contact with the cooling
liquid and being configured to provide a measurement of a
solute concentration of the cooling liqud, the measurement
being obtained by taking account of the electrical conduc-
tivity and the wviscosity of the cooling liquid, the sensor
including a probe configured to be brought into contact at
least partially with the cooling liquid, the cooling liquid
being 1n flow or at rest, the heat exchanger further compris-
ing a header tank for circulating the cooling liquid, and a
removable flange configured to be connected to the header
tank and to allow a connection of a tube for a passage of the
cooling liquid between the tube and the header tank through
the removable flange, the sensor being positioned on the
removable flange.

2. The heat exchanger as claimed in claim 1, wherein the
header tank includes an opening configured to selectively

receive the sensor or a closure cap.
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